_ 09/936912 

^Rec'dPCT/PTO SEP 1 9 2001 



DESCRIPTION 



TAT I ON APPARATUS AND RADIO COMMUNICATION METHOD 



lit 



Technical Fiel<jl 

The prese 
station appara 
in a digital r 



invention is' relates to a piece of radio 
us and radio communication method used 
adio communication system. 



Background Art 

There ar| a single user tU (SUD: Single User 

a multi user (MUD: 
rence canceller in 
;s>) system. The sin 



Detection) and 
as an interfer 
Multiple Acces 



for interference cancellation usi|ng only a spreading code 
and receiving timing of a local 



Multi User Detection) 
a CDMA (Code Division 
qle user type is a method 



example of the above type is an 
adaptive control of a tap coefficient of a matched filter 
so that the above coefficient has orthogonality to a 
spreading cod| of an interference signal. SUD has a 
simpler confi 



station, and a typical 
orthogonal filter for 



X of MUD , and easier 
icult to apply SUD when 



Lguration than the. 
implementabillty r but it is diff 
there is discordance between symbol duration and that 
of the spreading code under a multi-path environment. 

On the other hand, MUD is a (nethod for interference 
cancellation fn which data deci 
amplitude and phase estimation 



ision is performed after 
o;C received signals of 



all users is performed based on spreading codes and 
receiving timing information of all users under 



cominunication/ 



interference 



repetition 




and has no restriction on the spreading 
codes. As MUlL there have been a multi-stage type 



canceller 



in 



which 



receiving 



characteristics are improved through two-or-more-time 

(multi-stage) of processing where 



interference replica signals of other users are generated 



at a receiving 



signals to in 



side, based on channel estimation values 
10 and decision data, and the above replica signals are 
subtracted from received signals to cause improved SIR 
(Signal to interference Ratio); and a single-stage type 
interference canceller in which likelihoods of all the 
symbols of a:.l channels are subjected to ranking 
15 processing, replica signals are generated at the 
receiving side in decreasing order of the likelihood, 
and the above replica signals are subtracted from received 
urease SIR and hence improve receiving 

characteristics. 
20 As a single-stage type interference canceller, 

there is a synbol-ranking-type interference canceller 
(SRIC) which has been proposed in "Study on a CDMA 
interference Lnceller for an uplink" by UESUGI, KATO, 



and HOMMA, 
25 information, 

Report RCS96- 



IEICE (The Institute of Electronics, 
and communication Engineers) Technical 
121 . 



Operations of the above symbol-ranking-type 



3 



interference canceller will be described, referring to 



FIG . 1 - In the 
all the symbol 
performed with 
code ( a spread 
processing at t 
RAKE combining 



first place, despreading processing of 
a of received signals for each user is 
a matched filter (MP) 1, using a spreading 
irxg code used for spreading modulation 
he side of a communication terminal) , and 
of the obtained despreading signals is 



decision of ea 
is performed in 



performed in a HAKE combining circuit 2 . Then, temporary 



sh symbol after the above RAKE combining 
a temporary decision circuit 3 . The each 
symbol after temporary decision is stored in a soft 
decision data buffer 5 . in the above soft decision data 
buffer 5, buffering is performed by a time width for 

egard to the likelihood (window width: a 
range of symbols for ranking). 

Each symbol after the temporary decision is sent 
3 d calculation circuit 4 for likelihood 
All symbols after the above likelihood 
e sent to a ranking circuit 6 , where ranking 
in decreasing order of the likelihood 
the calculated likelihood. In a replica 



to a likeliho 
calculation 
calculation ar 
is performed 
according to 



a symbol with t 
and the above 
where the dif f 



generation circuit 7, a replica signal is generated from 



he greatest likelihood among all the symbols 
replica signal is output to an adder 9, 
erenoe between the received signal delayed 
in a delay circuit 8 and the above replica signal is 
obtained. That is, the replica signal for the symbol 



10 



15 



with the greatest likelihood is canceled from the received 
s ignal . 

RAKE combining of the received signal, from which 
the replica signal is canceled as described above, is 

.a in the RAKE combining circuit 2? the 
the above received signal is calculated; 

above signal is performed according to 
ilihood; another replica signal for the 
is greatest likelihood is generated? and 
the current replica signal is canceled from the signal 
from which the previous replica signal is canceled. The 
above processing is repeated for all the symbols of all 
users 

Thus, reJlica signals may be accurately generated 
the multi-stage configuration in the 
-type , as ranking of likelihoods is 



performed agai 
likelihood for 
ranking of the 
the above like 
symbol with th 



even without 
symbol- rank inc 



signals 



for 



symbol -ranking- type 



20 



despreading op 
symbols . Here 



performed for each symbol without generation of replica 



each 



user 



Therefore , 



the 



is 



characterized in that the 



eration is performed only one time for all 
r a slot is generally assumed to be vised 



25 



as a window w:Ldth 

However, an enormous amount of delay in processing 
is caused in the above symbol-ranking-type , as 
cancellation of replica signals and another-ranking are 
repeated every one symbol • Therefore , it has been des ired 
that the above ranking processing is simplified in the 



10 



15 



symbol 



1-ranking-type interference canceller. 



Disclosure of 

The objec 
a piece of radio 
with an inter 
processing ; pr 
generation of 
operations; an 
The subje 
a ranking cir 
interference c 



20 



invention 

t of the present invention is to provide 
base station apparatus , which is provided 
ference canceller for simpler ranking 
ocessing with less delay, and accurate 
replica signals with smaller amount of 
d a radio communication method . 
ct of the present invention is to simplify 
cuit in a single-stage-multiuser type 
anceller for improvement in the receiving 



characteristics of a piece of radio base station apparatus 



in a DS -CDMA sy 
processing or 
of subsets. 



stem by simultaneous execution of ranking 
class decision processing by a plurality 



25 



Brief Description of Drawings 

FIG. 1 in a block diagram showing a configuration 
of a symbol-ranking type interference canceller? 

;Ls a block diagram showing a schematic 
of a piece of radio base station apparatus 
the present invention; 

is a block diagram showing an internal 
of an interference canceller in a piece 
station apparatus according to a first 
the present invention; 



FIG- 2 
configuration 
according to 
FIG . 3 
configuration 
of radio base 
embodiment of 



10 



fig. 4 id a block diagram showing a part of the 
interference canceller in the radio base station 
apparatus according to the above first embodiment; 

5 is a block diagram showing an internal 
of an interference canceller in a piece 
station apparatus according to a second 
■the present invention; 

a block diagram showing a part of the 
canceller in the radio base station 
rding to the above second embodiment; and 
5 a view for description of an internal 
of an interference canceller. 



FXG 

configuration 
of radio base 
embodiment of 

FIG- 6 is 
interference 
apparatus a ceo 
FIG. 7 1 
configuration 



15 



Best Mode for 
Hereinaf 
will be descr 



20 



interference 
single -st age- 



carrying Out the invention 

ter, embodiments of the present invention 
;L bed, referring to attached drawings - 
(First embodiment ) 
In the p 



resent embodiment, a symbol-ranking type 
canceller, which is one of 
multiuser type interference canceller, 



25 



will be described. Especially, there will be described 
a case where Ji plurality of subsets for symbol-ranking 
for a plurality of channels are provided; each subset, 

from each other, performs symbol-ranking; 
Lis are generated for each subset; and the 
signals are combined for cancellation from 
als . 



independently 
replica, signa 
above replica 
received sign 



FIG- 2 X 
configuration c> 
according to th 



Js a block diagram showing a schematic 
f a piece of radio base station apparatus 
e present invention. In the above radio 



base station apparatus, signals transmitted from a piece 



5 



'of communicatio 
an antenna 10 



processing (f« example, down conversion and A/D 



conversion) of 
receiving circ 



the above received signals in a radio 
uit 102. Then, the above signals after 



10 



15 



data. And, in 
predetermined 
conversion anc. 



signals after 
are transmitte 



through the antenna 101 



20 



FIG. 7 is 
of the inter 
canceller in t 



n terminal apparatus are received through 
1, and predetermined radio receiving 



radio receiving processing are sent to an interference 
canceller 103 , inwhich interference canceling process ing 
of the above signals is performed to obtain demodulation 



the above radio base station apparatus, 
radio transmitting processing (D/A 
up conversion, and so on) of modulation 



data after digital modulation of transmitting data 



The 



the above radio transmitting processing 
d to the communication terminal apparatus 



25 



a block diagram showing a configuration 
ference canceller. The interference 
he radio base station apparatus according 
to the presenl embodiment has a configuration in which 
the above canceller comprises a plurality of steps 
(processing unite), and replica signals for a plurality 
of symbols are generated at each step, and the above 
replica signals are canceled from input signals at the 



10 



15 



same time- He 
three steps , 
processing ) r 



re, a configuration, in which there are 
and subtracting processing (canceling 
two-time ranking, and only-one-time 



20 



25 



is , the replica 
1 are canceled 
after cancella 
to STEP 2 - 

At STEP 1 
from the rankih 
decision usin<j 
replica signal 
output as demo 
above the thr 
based on the 

Then f a s 
processing) an 



8 



another-rankift-, are performed, will be described as one 
example. But, [there are no special limitations on the 

number of step 

in the Lbove configuration, a first ranking 
processing and processing for generation of replica 
signals are peirformed, and then the replica signals are 
output to an adder 605 at a step 1 (STEP 1) 601- In the 
adder 605, the ^bove replica signals are subtracted from 

That 



the received signals delayed in a delay circuit 604 . 



signals for symbols after ranking at STEP 
from the received signals. The signals 
tion of the above replica signals are sent 



symbols for generation of replica signals 
g results are selected based on threshold 
a threshold value 1- And, at STEP 1, 
s are generated, and, at the same time, 
dulation data in the case of upper symbols 
shold value among symbols after ranking 
Likelihood. 

econd ranking processing ( another-ranking 
d replica-signal generating processing are 



605 at STEP 2 



performed, an|d replica signals are output to an adder 
602 . In the adder 605, the above replica 



?t 



signals are sub 
in the delay ci 
for symbols a 
canceled from 
cancellation o 
STEP 3 • 

At STEP 2 , 
from the anoth 
threshold dec 
replica signal 
the above thre 
based on the 1 
as demodulatid 
Then, de 
symbols (the 
symbols with g 
3 603 to out 
Though , 
number of symtj> 
may be conf igu: 
allotted to e 

For ex 
all symbols fo 
of all tine abov 
decision of th 
the threshold 
order of the li 
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tracted from the received signals delayed 
rcuit 604. That is, the replica signals 
er the another-ranking at STEP 2 are 
he received signals. The signals after 
f the above replica signals are sent to 



symbols for generation of replica signals 
er-ranking results are selected based on 
,sion using a threshold value 2- And, 
s are generated for upper symbols above 
shold value 2 among symbols after ranking 
ikelihood, and, at the same time, output 
n data r at STEP 2. 

modulation processing of the remaining 
remaining symbols after cancellation of 
reater likelihoods) is performed at STEP 

demodulation data . 
there are no special limitations on the 
ols which are processed at each step, it 
ed that the number of symbols are uniformly 
ach step for uniform processing, 

e, when it is assumed that the number of 
r all users is 300 , likelihood calculation 
e symbols is performed at STEP 1; threshold 
e obtained likelihoods is performed, using 
value 1; ranking is performed in decreasing 
kelihood ? and replica signals are generated 



put 



ampl 



signals genera 
■threshold dec 
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for upper 100 symbols with regard to the likelihood. The 
replica signals: for the above 100 symbols are canceled 
from. the received signals (300 symbols) . In such a case, 
demodulation data are output for the above 100 symbols. 

Then, likelihood calculation of the remaining 
symbols (200 £iy mbols) after cancellation of replica 

ited at STEP 1 is performed at STEP 2; 
:Lsion of the obtained likelihood is 
performed, usi:igthe threshold value 2 ; another-ranking 
is performed in decreasing order of the likelihood; and 
replica signals are generated for upper 100 symbols with 
regard to the Likelihood. The replica signals for the 
above 100 symbols are canceled from the received signals 
(200 symbols). In such a case, demodulation data are 
output for the above 100 symbols. Finally, demodulation 
data are output, at STEP 3, for the remaining symbols 
(100 symbols) after cancellation of the replica signals 
generated at SiTEP 2. 

Thus, thu despreading processing is performed one 
time in the pre sent interference canceller , as modulation 
data are output at each step for all symbols of all users 



in decreasing 
is the differs: 



order of the likelihood. The above point 
nee between the present canceller and the 
multi-stage tips interference canceller by which the 
despreading processing is performed at each step. And, 
times of anotiier-ranking may be decreased and delay in 
processing may be reduced, as replica signals are 



int 



PP 



inv 



rd 



or 



bu 



generated togeiph 
signals are cafrc 
same -time. 

Then, an 
5 interference c 
FIG- 3 i 
configuration 
base station a 
of the present 
10 of circuit boa 
are subsets f 
of channels ; a 
output from tin 
a combining cir 
15 signals. A r 
circuit board 
Therefor 
other , may per 
processing sue 
20 decision, lik^l 
generation by 
subsets- Acc 
reduced/ and, 
be made small 
25 Here, it. 

differences i 
signals gener 
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er at each step, and the above replica 
eled from the received signals at the 



ernal configuration of each step in the 
anceller will be described. 

a block diagram showing an internal 
f the interference canceller in the radio 
aratus according to the first embodiment 
ention. The step comprises : aplurality 
s X through Z (three boards, here) which 
processing of signals for a plurality 
s 204 for transmission of replica signals 
e above circuit boards X through Z; and 
cuit 203 for synthesis of the above replica 
anking circuit 20 1 is provided in each 
X through Z . 

a, each subset, independently from each 
form processing in subsets, that is, each 
h as despreading, RAKE combining , temporary 
ihood calculation, ranking, and replica 
allocating all channels to a plurality of 
rdingly, the delay in processing may be 
at the same time, the hardware size may 
sr. 

is assumed that there are caused great 
the likelihoods (reliability) of replica 
ted in each subset, satisfying a specified 



threshold (ord^r) , when the relations between the ranking 



order and the 1 
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. Lkelihood in the ranking circuits 201 are 
not uniform amcng the subsets (circuit boards X through 
Z). When replica signals which are greatly different 
from each other in the reliability as described above 
are combined and canceled from the received s ignals , there 
is caused a cas« where symbols , which are in upper ranking 
in one subset with regard to the likelihood but not in 
upper ranking among subsets , are canceled. That is , when 

extremely great difference among subsets, 
Ls which are generated in one subset and 
ely low likelihood are subtracted in an 



there is caused 
replica signal 
have an extren 
early step. 

It is ass 
to perform the 
of the symbol- 
interference 
generation an. 
decreasing or 
Accordin 
provided a ch 
which channel 



likelihood is 
reduction in 
cancellation 
prevented . 



umed in such a case that it is better not 
interference cancellation, as advantages 
ranking, in which more advantages of the 
cancellation are originally realized by 
d cancellation of replica signals in 
ller of the likelihood, are decreased, 
gly, considering the above case, there is 
annel-allocation control circuit 202 in 
-allocation to each subset is controlled 



so that approximately uniform distribution of the symbol 



achieved among the subsets. Thereby, 
the advantages of the interference 
by simultaneous ranking processing may be 



FIG. 4 is 
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a block diagram showing a part of the 
interference cLnceller in the radio base station 
apparatus according to the first embodiment, and shows 
an internal configuration of each subset (circuit board) . 
Though FIG. 4 shows a circuit board X, circuit boards 
Y ancl 2 have th 3 same configuration as that of the above 



board x* 

The circu 
part enclosed 



it board X comprises for each channel (a 
with a dotted line in FIG • 4): a matched 



filter 30X for despreading processing, using a 
predetermined spreading code (a spreading code used in 
spreading modulation processing at the side of the 



communication 
a RAKE comb in i 



terminal apparatus) of received signals; 
ng circuit 3 02 for RAKE combining using 



despreading signals obtained by the above despreading 



processing; a 
decision of si 
a likelihood c 
likelihoods f 
comprises : a s 



a ranking circf 
threshold de 



temporary decision circuit 303 for symbol 
gnals after the above RAKE combining; and 
alculation circuit 304 for calculation of 
or symbols- And, the circuit board X 
oft decision data buffer 305 for storage 



of symbols after temporary decision for each channel; 



uit 201 for ranking processing, based on 
cision, of symbols after likelihood 
calculation for each channel; and a replica generation 
circuit 306 foj: generation of replicas in decreasing order 
of the likelihood with regard to symbols after ranking 
Operations of the radio base station apparatus provided 



with the inte 
configuration 
operations wil 
board X, the 
5 operations. 

As shown 
to the matched f 
a spreading c 
obtained for ea 
10 are output to * 
RAKE combining 
the data after 
temporary deci 
decision data 
15 to the likel 
likelihood ca: 
Here, any parajaet 
be used as a ; 
special limit^t: 
20 Each ch 

performs des 
processing, 
calculation , 
All the 
25 for each chanifi 
where threshoiL 
ranking of synib 



rference canceller having the above 
will be described. Though the above 
be described using those of the circuit 
ircuit boards Y and Z perform similar 



Ln FIG. 4, the received signals are input 
liter 301 for des preading process ing using 
de. Thereby, despreading signals are 
ch channel ♦ The above despreading signals 
:he temporary decision circuit 3 03 after 
in the RAKE combining circuit 3 02 . Then, 
temporary decision (soft decision) in the 
sion circuit 303 are stored in the soft 
suffer 305, and, at the same time, output 
ihood calculation circuit 304, where 
culation is performed for each symbol - 
er indicating the received quality may 
arameter for the likelihood without any 
ion , 

nnel, independently from each other, 
preading processing, RAKE combining 
temporary decision, and likelihood 
which have been described above, 
symbols after the likelihood calculation 
el are input to the ranking circuit 201, 
d decision of the likelihoods, and, then, 
ols in decreasing order of the likelihood 



are performed 
replica signal 
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in the replica generation circuit 306, 
s are generated only for predetermined 
number of symbols, among all symbols after ranking, in 
decreasing order of the likelihood from the symbol with 
the greatest likelihood. The symbols for which the 



replica signal 
data from the 

The repl 
generation cir 
10 203 through t 
combining circs 
each circuit b 
signals are cc 
the combining 
15 STEP 1 shown 
are canceled 
delay circuit 

in such 
channel alloc 
20 so that the r<£ 
are almost un 



Z which is a sub 
(voice signal 



25 



on 



to each circui 
X through Z , cl 



i» are generated are output as demodulation 
soft decision data buffer 305 . 
ica signals generated in the replica 
cuit 306 are sent to the combining circuit 
he bus 204, as shown in FIG* 3, In the 
uit 203, replica signals are input from 
oard X through Z, and the above replica 
mbined. The replica signals combined in 
ircuit 203 are replica signals output from 
; L n FIG. 7, and the above replica signals 
::rom the received signals delayed in the 
604 . 

a case, a new channel is allocated in the 
ation control circuit 202 shown in FIG. 3 
lations between the order and likelihood 
iform among subsets, based on likelihood 



information reported from each circuit board X through 



set ; accommodated symbol rates and services 
s and packet signals); target SIRS and so 



Thereafter, the allocation control signals are sent 



,t board x through Z . In each circuit board 
espreading processing is performed, using 



sp 



a spreading co 
to the own circu 
control signal 
Here, cha 
basically perf 
starting of te 
allocation dur 1 
Then/ th 
Thereafter , p 
performed in a 
then, interfe 
received s igna 

Thus, de 
in the radio 
present embod 
symbols of all 
the likelihood 
And, times of c 
in processing 
generated tog 
signals are c 
same time. 

Moreover, 
and the size o 
base station 
embodiment , a 
performs rank 



de corresponding to a channel allocated 
it board, according to theabove allocation 
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mel allocation control to each subset is 
rmed when a new channel is allocated at 
lephone calls, as switching of channel 
ng telephone calls is complicated control * 
processing at STEP 1 is terminated, 
cessing for the subsequent STEP s is 
similar manner as described above, and, 
rence cancellation processing of the 
Is is performed, 

reading processing is performed one time 
base station apparatus according to the 
ment, as the demodulation data for all 
users are output, in decreasing order of 
, at each step in the interference canceller . 
nother-ranking may be decreased and delay 
may be reduced, as replica signals are 
ither at each step, and the above replica 
nceled from the received signals at the 

the ranking circuit may be easily realized, 
f the hardware may be reduced in the radio 
apparatus according to the present 
each subset, independently from each other 
ing processing in the interference canceller 



Further, proce 



ing till the generation of replica 
signals may bi promptly performed, as .each subset, 



independently 
processing - 

Moreover, 
canceller (sing 
one, has been di 



slot ) , which i 
+ time necessar 
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from each other, performs ranking 



a symbol-ranking type interference 
le-stage multi user) , other than the above 
sclosed in Japanese published application 
No. Hei -10 (19^8) - 126383, the entire contents of which 
are incorporated herein by reference* 
( second Embodiment ) 

In the case of ranking processing, delay in 
processing by a. buffering window width (for example, one 

s for received symbols for the ranking, 
^ for ranking processing is required before 



starting of generation of replica signals, as replica 
signals for ea=h symbol may be generated only after the 
ranking processing • 

There wi!l be described in the present embodiment 
a case where replica signals are generated just after 
class decision processing of symbols after likelihood 
calculation and, then, suitable decision of the received 
signals are performed. 



FIG. 5 
configuration 
of radio base 
embodiment of 

a plural 



is a block diagram showing an internal 
of an interference canceller in a piece 
station apparatus according to a second 
the present invention- A step comprises s 
ity of circuit boards X through 2 (three 
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boards , here) w^ich are subsets for processing of signals 
for a plurality of channels; a bus 404 conveying replica 



signals output 
a combining ci 
s ignals • A cl 



from each circuit board X through Z; and 
rcuit 403 for combining of each replica 
iS s decision circuit 401 is provided in 



decision, like 
generation by 
subsets. Accc 
reduced , and, 



each circuit board X through z. The class decision 
performed in ttie class decision circuit 401 means that 
thresholddecisiionof calculated likelihoods is performed, 
using a specific likelihood value as a threshold value. 

Therefore, each subset, independently from each 
other, may perform processing in subsets, that is, each 
processing suc;i as despreading, RAKE combining , temporary 

lihood calculation, ranking, and replica 
allocating all channels to a plurality of 
rdingly, the delay in processing may be 
at the same time, the hardware size may 

be made smaller- 
Here , threshold values are controlled in a threshold 
control circuit 402, based on information on the current 
slot or information on slots just before the current slot 
in the class decision, when a buffering window width for 
received symbols as ranking objects is configured to be, 
for example, a slot unit. 

FIG- 6 :.s a block diagram showing a part of the 
interference canceller in the radio base station 
apparatus according to the second embodiment, and shows 
an internal configuration of each subset (circuit board) - 



Though FIG. 6 s 
X, the circuit ] 
as that shown 

The above 
(shown in a par 
a matched filt< 
received s igna 
(a spreading 
processing at 
apparatus ) ; a 
combining, us 
despreading pr 
for symbol de 
combining; and 
calculation o 
And, the 
data buffer 30 
decision for e 
for class deci 
calculation £4 
and a replica 
replicas (bas 
usually w in de 
as classes ha 
Operatic) 
with the in 
conf igurat ion 



hows 



n_n 
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the configuration of the circuit board 
cards Y and 2 have the same configuration 
in FIG. 6. 

circuit board X comprises for each channel 
t enclosed with a dotted line in FIG - 6); 
r 301 for despreading processing of the 
Is, using a predetermined spreading code 
code used for spreading modulation 
the side of the communication terminal 
RAKE combining circuit 302 for RAKE 
g despreading signals obtained in the 
cessing; a temporary decision circuit 3 03 
ision of signals after the above RAKE 
a likelihood calculation circuit 304 for 
likelihoods for symbols, 
circuit board X comprises s a soft decision 
5 for storage of symbols after temporary 
ach channel; a class decision circuit 401 
ion processing of symbols after likelihood 
r each channel by the threshold decision; 
generation circuit 306 for generation of 
ically, independent of the order, but 
cided order) for symbols which are decided 
ving the likelihood above the threshold - 
ns of the radio station apparatus provided 
:erference canceller having the above 
will be described. Though the description 
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will be mS de fo:: th, circuit board X, the circuit boards 
Y, and Z have th, similar operations as those of the above 



board X. 

as shown 



processing usir 



Ln FIG. 6, received signals are input to 
the matched filter 301, and supplied for ^spreading 



10 



circuit 3 02. 
decision) in th 
in the soft de 
time, output t6 
In the likelili 
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20 



25 



,g a spreading code . Thereby , despreading 
signals are obtained for each channel. The above 
despreading siLals are output to the temporary decision 
circuit 3 03 after RAKE combining in the RAKE combining 

n hen , data after temporary decision (soft 
s temporary decision circuit 303 are stored 
Vision data buffer 305, and, at the same 
the likelihood calculation circuit 3 04. 
ood calculation circuit 304, likelihood 
calculation o:t each symbol is performed. Here, any 
parameter indicating the received quality may be used 
as a parameter for the likelihood without any special 
limitation . 

Here, each channel, independently from each other, 
preading processing, RAKE combining 
temporary decision, and likelihood 
tfhich have been hitherto described. 
All symbols for each channel after likelihood 
calculation a::e input to the class decision circuit 401. 

ion circuit 401 , all replica signals , which 
.ained likelihoods above a threshold in 



performs des 
proces s ing , 
calculation, 



In class decis 
have the obt 



comparison between the specific likelihood value and the 



w 10 
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above likelihoods obtained in the likelihood calculation 



for each symbol 
circuit 306 jus 



20 
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, are generated in the replica generation 
t after the above comparison. The symbols 
for which" the replica signals are generated are output 
from the soft decision data buffer 305 as demodulation 



data . 

The replica signals generated in the replica 
generation circuit 3 06 are sent to the combination circuit 
403 through the bus 404, as shown in FIG. 5. In the 
combining circuit 403, the replica signals are input from 

oard x through Z for combining of replica 
replica signals after combining in the 



each circuit b 
signals. The 



combining circuit 403 are replica signals which are 



outputs of STE 
signals are ca 



P 1 shown in PIG. 7, and the above replica 
nceled from the receive* signals delayed 



in the delay circuit 604. 

At this time, thresholds are controlled in the 
threshold cortrol circuit 402, based on likelihood 
information ( l:or example, likelihood distribution) from 
each circuit board X through z which is a subset . Thereby , 
isification may be realized according to 



the best clas 
c ircumstances 
At this 
threshold con 
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or informatio 
when a buffer 



time, thresholds are controlled in the 
trol circuit 402 shown in FIG. 5, based on 



information (likelihood information) on the current slot 



n on slots just before the current slot, 
ing window width for received symbols as 



classification 
one slot as a u 
the threshold i 
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objects is configured to be, for example, 
nit. in such a case, the reliability of 
$ improved, when the threshold is decided. 



based on information ( for example , amplitude distribution 



for all symbols 
at the current 
in processing . 



threshold valu 
just before th 



subsequent STII 
Thus , de^ 
in the radio 



or several symbol samples for each channel ) 
slot. But, there is generated the delay 
On the other hand, operation delay before 



the threshold decision may be reduced by controlling the 



e, based on the information on the slots 
e current slot. 
Thus, processing at STEP 1 is terminated. 
Thereafter, interference canceling processing of the 
received signals is performed by processing at the 

Ps as described above- 

preading processing is performed one time 
base station apparatus according to the 



present embodiment, as the demodulation data for all 



symbols of all 
the likelihood 



And, times of another-ranking may be decreased and delay 



in processing 
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realized, and 
in the radio 



users are output, in decreasing order of 
, at each step in the interference canceller 



may be reduced, as replica signals are 
generated together at each step, and the above replica 
signals are canceled from the received signals at the 
same time* 

Moreover, the class decision circuit may be easily 
the size of the hardware may be reduced 
base station apparatus according to the 



processing 
instead of ran 
likelihood ir 
interference 
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present embodiment , as each subset, independently from 
each other, cl.». decision processing in the interference 
canceller. Further, processing till the generation of 
replica signals' may be promptly performed, as each subset , 
independently trom each other, performs class decision 

Moreover, class decision processing, 
king processing, is performed based on 
formation for each symbol in the 
canceller according to the present 
embodiment. Jhereby , the ranking operations and the 
channel allocation control may be eliminated, as the 
presence of generated replicas may be decided only by 
comparison beiween the obtained likelihoods and the 



specific likel 



.ihood (threshold value) . As a result, the 
delay in processing may be remarkably reduced in the 
interference canceling processing. 

The presint invention is not limited to the above 
embodiments, and various kinds of modifications may be 
executed. Thcugh, for example, a case where the number 
of subsets (circuit boards) is three, and the number of 
steps is three has been described in the above first and 
second embodiments, there is no limitation on the number 

the that of steps in the present invention, 
also no special limitation on the number 
processed in each subset. 

Lo base station apparatus according to the 
ition has a configuration provided with an 



of subsets and 
And, there is 
of channels p 
The radi 
present inven 
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15 



20 



interference c 
sets of a proces 



in which despreading signals for each channel are obtained 



by despreading 



obtained by us 
each channel; 



according to th 
section for ca 



the above proc 
a plurality of 
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jinceller which comprises a plurality of 
sing unit including: a despreading section 



\ f with a spreading code, of signals of a 
plurality of channels, spreading modulation of which is 
performed with a spreading code at the side of the 
communication t erminal; a likelihood calculation section 
for calculation of the likelihoods of symbols, which are 

;e of the above despreading signals/ for 
a ranking section for ranking according 
to the likelihoods of each symbol; and a replica signal 
generation section for generation of replica signals 
ie above ranking results, and a subtraction 
ncellation of replica signals generated 



in the above processing unit from the input signals into 



Accordin 
processing is 
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essing unit, wherein replica signals for 
symbols are generated and canceled from 
the input signals at the same time by the above processing 
unit and the above subtraction section, 

g to the above configuration, despreading 
performed one time, as the demodulation 
data for all ssymbols of all users in decreasing order 
of the likelihood is output at each processing unit* The 
above point is the difference between the present 
canceller and the mult i-s tag e type interference canceller 
by which the despreading processing is performed at each 
stage* And, iimes of another-ranking may be decreased 



25 



by 



er 



and delay m pro 
are generated 
above replica 
signals at the 
The radio 
present invent 
comprises an 
with a plural 
section in wh 
are obtained 
signals of a pi 
of which is p 
the side of t 
calculation s 
for symbols/ 
despreading si 
for ranking ac 
and a replica 
of replica sig 
wherein each 
performs the 
generation of 
Accordi 
circuit may 
hardware may 
from each o 
generation o 



int 



ac 



cessing may be reduced, as replica signals 
ogether at each processing unit, and the 
signals are canceled from the received 
same time, 

base station apparatus according to the 
on has a configuration where the apparatus 
erference canceller which is provided 
ty of subsets including: a despreading 
h despreading signals for each channel 
despreading, with a spreading code, of 
urality of channels, spreading modulation 
formed with the above spreading code at 
he communication terminal; a likelihood 
ction for calculation of the likelihoods 
which are obtained by use of the above 
gnals, for each channel; a ranking section 
cording to the likelihoods of each symbol; 
signal generation section for generation 
tals according to the above ranking results , 
subset, independently from each other, 
above ranking processing and the above 
replica signals. 

to the above configuration, the ranking 
e easily realized, and the size of the 
be reduced, as each subset, independently 
ther, performs ranking processing and 
f replica signals in the interference 



tig 



1 



10 



15 
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independently 
processing and 
The radio 
present invent 



channels based 
so that the r 
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canceller. Further, processing till the generation of 
replica signals] may be promptly performed,, as each subset r 

from each other, performs ranking 
generation of replica signals* 
base station apparatus according to the 
:ion has a configuration where the above 
apparatus comprises in the above configuration: a channel 
allocation conjtrol circuit for control of allocation of 

on information reported from each subset 
■blations between the ranking order and 



likelihood are almost uniform among subsets. 

According to the above configuration,, reduction in 



the advantage 
simultaneous r 



s of the interference cancellation by 
anking processing may be prevented, as the 
relations between the ranking order and likelihood are 
almost uniforifi among subsets. 

The radi<b base station apparatus according to the 
present invention has a configuration where the apparatus 
comprises an interference canceller which is provided 



20 with a plural 



.ity of subsets including: a despreading 
section in which despreading signals for each channel 
are obtained by despreading, with a spreading code, of 
signals of a plurality of channels, spreading modulation 
of which is performed with the above spreading code at 
the side of the communication terminal; a likelihood 
calculation sjection for calculation of the likelihoods 
for symbols, which are obtained by use of the above 
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despreading si 
section for dec 
by comparison 
a threshold va 
5 for generation 
class decis i 
independently 
decision proce 
signals . 
10 Accordim 
decision circt 
of the har 
independently 
processing a 
15 interference 
generation of 
as each subset 
class decisio 
processing, ir> 
20 based on like 
inter f erence 
embodiment • 
channel alloc 
presence of g 
25 comparison b 
specific like 
delay in pro< 



rials, for each channel? a class decision 
ision of the presence of replica signals 
bletween the likelihoods of each symbol and 
lue; a replica signal generation section 
of replica signals according to the above 
n results r wherein each subset, 
Erom each other, performs the above class 
ssing and the above generation of replica 



:dwa 



nd 



r to the above configuration, the class 
it may be easily realized, and the size 
re may be reduced, as each subset, 
from each other, performs class decision 
generation of replica signals in the 
anceller- Further, processing till the 
eplica signals may be promptly performed, 
, independently from each other, performs 
n processing- Moreover, class decision 
stead of ranking processing, is performed 
ihood information for each symbol in the 
canceller according to the present 
Thereby, the ranking operations and the 
ation control may be eliminated, as the 
enerated replicas may be decided only by 
ween the obtained likelihoods and the 
ihood (threshold value) . As a result, the 
essing may be remarkably reduced in the 



4t 
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interference c 
The radio 
present invent 



anceling processing . 

base station apparatus according to the 
ion has a configuration where the above 
apparatus comprises in the above configuration: a 
threshold control section for control of thresholds based 

on the current slot or information on slots 
e current slot. 



on information 
just before th 



class if icat ior 
in the interfe 



present invent 
step in which 
obtained by desi 
of a plurality 



According to the above configuration, the best 



may be realized according to circumstances 
rence canceling processing. 
The communication terminal apparatus according to 
the present indention is characterized in that the above 

orms radio communication with the radio 
base station Apparatus with the above configuration- 
in a radjLo communication method according to the 
ion, processing comprising: a despreading 
despreading signals for each channel are 
preading, with a spreading code, of signals 
of channels, spreading modulation of which 



is performed with the above spreading code at the side 



of the communi 
step for calcu 
are obtained 
for each chan 



cation terminal; a likelihood calculation 
lation of the likelihoods of symbols, which 
by use of the above despreading signals, 
nel; a ranking step for ranking according 
to the likelihoods of each symbol? and a replica signal 
generation step for generation of replica signals 
according to tlhe above ranking results , is performed every 



10 



subset to whic 
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:h a plurality of channels are allotted, 
wherein each subset, independently from each other, 
performs the above ranking processing and the above 
generation of replica signals. 

According to the above method, the ranking circuit 
may be easily realized, and the size of the hardware may 
be reduced, as eachsubset, independently from each other , 
performs ranking processing and generation of replica 
signals in the interference canceller. Further, 
processing till the generation of replica signals may 
be promptly per formed, as each subset, independently from 
■rforms ranking processing and generation 



each other, pe 
of replica signals. 

Xn a radio communication method according to the 
15 present invention, processing comprising: a despreading 

despreading signals for each channel are 



step in which 



of the communi 
step for calcu 
are obtained 



obtainedby despreading, with a spreading code, of signals 
of a plurality of channels, spreading modulation of which 
is performed with the above spreading code at the side 



cation terminal; a likelihood calculation 
lation of the likelihoods of symbols, which 
by use of the above despreading signals, 
for each channel; a class decision step for decision of 
the presence of generated replica signals by comparison 
between the likelihoods of each symbol and a threshold 
value; and a repl ica s ignal generation step for generation 
of replica signals according to the above class decision 
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results, is performed every subset to which a plurality 
of channels are allotted, wherein each subset, 
independently irom each other, performs the above class 
decision processing and the above generation of replica 
signals 

According to the above method, the class decision 
circuit may b«i easily realized/ and the size of the 
hardware may be reduced, as each subset, independently 
from each other, performs class decision processing and 
generation of replica signals in the interference 
canceller. Further, processing till the generation of 
replica s ignals may be promptly performed , as each subs et r 

from each other, performs class decision 
generation of replica signals . Moreover, 
L processing , instead of ranking processing , 



independently 
processing and 
class decision 



is performed ipased on likelihood information for each 
symbol in the interference canceller according to the 
present embodijment . Thereby, the ranking operations and 
the channel allocation control may be eliminated, as the 
presence of generated replicas may be decided only by 
comparison between the obtained likelihoods and the 
specific likelihood (threshold value) . As a result, the 
:essing may be remarkably reduced in the 
canceling processing „ 
As described above, it is possible according to the 
present invention to simplify a ranking circuit, and 
reduce the silze of the hardware in a single-stage type 



delay in proc 
interference 
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10 



15 



receiving chara 



a plurality of 
The pres 



multiuser interference canceller for improvement in the 



icteristics of a piece of radio base station 
apparatus in the DS — CDMA system by simultaneous execution 
of ranking processing or class decision processing by 

subsets . 

;ent description is based on Japanese 



published application No . 2000-014589 , filed on Jan. 24, 
2000 , the entire contents of which are incorporated herein 

! 

by reference- I 



Industrial Applicability 

i _ 
The present invention may be applied to a piece of 

radio station Apparatus and radio communication method 

used in a digital radio communication system. 



